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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser having stabilized self oscillation characteristics. 
SOLUTION: An n-type GaN layer, an n-type AIGaN clad 
layer 103n ? an n-type GaN optical guide layer 104n, an 
InGaN quantum well active layer 105, a p-type GaN 
optical guide layer 104p, a p-type AIGaN clad layer 103p, 
a p-type GaN contact layer 1 05 are formed sequentially 
on an n-type SiC substrate. An InGaN saturable 
absorption layer 200 is formed in the p-type GaN optical 
guide layer 104p. In this structure, the saturable 
absorption layer is provided in the optical guide layer 
while reducing the volume. The smaller the volume of 
saturable absorption layer, the easier the carrier density 
can be increased to bring about a saturated state thus 
exhibiting significant effect of saturable absorption. This 
structure realizes stabilized self oscillation 
characteristics. 
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% fc -f 2 KB»<oi|i«*«3t*^. 

■y y~? 9 t>> 2 0~180meV*Jli>rt5:#it 
-f <5f« 2 * fell 3 KSaftflJiMfftfcttS*, 

it/BufSojBafDtSiRSS^ i: klcfi-^FT'fc&i fc Sr 

[»*«7] fctflfttJii, TtuEgffiltcR&L 
Kit; «lEgttl*3<tt«aE3fe^ KSSrft 

fifDftjRltt, tfjEd>ft < fc i 1 oco* 7 ^ KS4\ * 
Wt*#TSi fc IrWfcrs******^. 
flt fc *f £ if *5 7 KEita^*3fc%*?. 

t y^H, 2 0-1 80me'V/J^V^tl:W(fi 
§r#t»fc-f*f»*57, 8*fctt9«cE«^*»»*3fe 

SI*, 

[tt*«l 1] WEffttfll^^M^FflBft-e**- 
fc$r#»fci-*»*3t7~l om^itoMcE**)** 

[11*5 1 2] g«±K. I nGaNfittJii, 
ttJiSr»tf-»^>A 1 G a I nN*^ KJIfc* fluE* 
#W KS&^t?~*f<OA 1 Ga UN^7"yKit> 1ft 

EtttfW K«*fc<i«ljE^9y KJi^iwEBSiifc^rtS 
ftftiRJifcMI*.. IftE^USftSiRJif** 1&E8ttJ§ri» 

i o r fc fc 
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[s»*5l 31 SSES^v-y 3V^-/<^ K*fctt^ 

[M*«l 4 J flfttJIt, 1l9Efitt«±(0*l«>pffl* 

Sfc, ttE^rfifD»iR«±«cRltblifc!B2<Op®^9 
s> KJIfcfcff*., H9E*2a> p ffl^5y K«tt'J 

[M*«l 51 iSttlt, IWaa5ttJII:«Etrpffl^»y 
MHsJtfnll*?? Klfc> SSEnS^vy K«*tc 

IMMWl 6] JSttJlt, 16ESttJl±<oJBia)pS^ 

®fc, «jE^r«afd»iRS±icKite>nfcii«E^n y.^i 

9, S8E1B2 0pS^>y Kla>ffltff*#v "lBE«8t^ 
[»*5l 71 Stt«fc, «fEfittl**trpSl^9y 

KttHD»*s«)0, ^wwntticrt:, »2<DpS*?5> 
30 KJi^Rlte>KTJ3 0^ ffJES2cO P S^7y KSco^ 

[1**91 81 «*«Rfl^#H#ttfc*V*T\ 
E*{fc# v 5 -r * h ®tf>®*<a> feUlif ir > 6*ft-sfc* 

[«*91 91 i*W[0 0 0 1]*W^ [11-20]* 
r^)^tI^LTV>^^ B B 0 cO-#^*^lCioV^T, [11- 
2 0 ] AMt * r fc -C b9E»Fb St - # Mi"* 

40 z fc ^mfc-r^^a^^ r^*&o 

[ff*52 11 I*WHOO0 1]?)^[1 1-2 0]* 

xmfc, HuES«Sr[l l-2 0]*W-lS*«r^lt-CSu 
ES1K& ^ « r^i-* fc * aH«WBt*^« 

[0 0 0 11 
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10002] 

7 8 0 n mO A 1 G a A s U'— »F (O^felC 

[0 0 0 3] ir5T\ ***U'— lFf43t^^^rof¥ 
Lfctf o T3tx w * * 0>3fcfflU8 (cil!IAIMP0>^4: v » u 

■tzztx\ timtbivx^io ^~ 

fi«« ft:* A 5 fc f i|» f - * <r>wpi£mt\z. x 

■efci. *iT\ IK*- K^^ffttSi, £*-K 

V>0-CS3&'ftfi»*#ttSr»5 £ fc 5«fc 5 left 

[0 0 0 4] tt&OfijM*£0¥tt*l'--P&L-C 
(i> #M¥6-2 607 1 6#£ii(C;i*£;h,5<><0#*> 

j| wx^/w^- * r -y IStf* L < T Z> r. fc K* o X 
#tt£&#Lfcfc»£#ft£*lT^-5, Wc» 

»*i«M»«1WtSr»J: 9 fc Lt v»5. 
[0 0 0 5] 

(«Xf4\ #MJP4-2 4 2 9 8 5 #£18, 
7- 1 6 2 0 3 8 Hr'Am) X'tt, Hui&Lfc<t 3 |C> i£$t 

Klt#»#if*a«o«fcfcJ:9^«tf$:»£U ft 
i<\, 

[0 0 0 6] -t-r-C*«Wll v K^r-V -y 7 , C0^#V> 

* e>fc*Tttfc«lR*S:Kl**£ t X\ 
ft g8MS£«H£* t>oi£*fc»#***:*flW 5 r fc Sr 
Bttfc-f*. 
[0007] 



^-*ty^S:»J»t5r fc»c«fc9, ZfeLtcl 



[ 



(0 0 0 8] *7t, I n G a N&ttJ£ fc , ftffig*:*tf 
-*t(DA 1 G a I nNW h'Mks KJiSrfttr 
-**WA 1 Ga InN?7?KIi, KSifctt 
?7y Kff*£EC£frfc«Tftfi4t'KJI2:fcfl*.« *Tf& 

[0 0 0 9] *»wett\ m&MicmkifV? AXftft- 

sirs -canx £ ?> ic^osir t> <&? d 

£-fr5ifcK.J:9, e®*«SriBrS*4iti»s-C# 

[0 0 10] BIttfD»iRJifcflHtJlt«>3i*-4' 
^f-*+ y7*3ISr, 2 Ome V*>?> 1 8 Orae Vtt5 

#P>4x*r t^M^^t^ofc. 2 Ome V<fc9/h£tt 

1"//l«:i8 0meV^Sx.5t, of&fO®lRS-CW 

3:^^-^^5/^1114 2 0~1 8 Ome V!J>J;l^ t 

[00 1 1] ZtaiZGL^mt-ett* 
zfti'K #t£5 Ome V~ 1 0 Ome V<7)gaH-CI4> WIS 

rolDilOOmeV^iSt, TTttfD»lR*-e«)3t» 
JR*i«A/i£A/** < ft 9 > »f^««t>^** < ft*, 
ioti^-^t ?/^l41 0 0meV«Ttfcn 
l4ff*LV^tV^5. 5 0~1 0 Ome VWISH-Cli^ 

*mfri'— , ?<n®i¥nm'>±z < ft&ftv^jc, 

[0 0 12] iT«ifaft«J|«>fMltr/hd < -T6 

fc, BTfifu«iRji-c«)*-iryr*««:**fc±rfe>ii 
fa?a^fi§tcfto j ?-r<» BrisioftiRos6**sa*tft 

5„ UfcTJSoT, *<?&ftttajB***ttfr**C:fc 
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[0013] w<D*a^/h*v^ 

o. 5%«±*>ifra\ "Brttfo»iBoi^HJca«> 
'>ft<kt>i. 2%a«»±»--r*fc 

S^icEa-r-5r tic J: 9, ^ftfd»««l-^*ai4*{B 
[0 0 1 4 J r^)J:5Jcpri!lfii«JRJitt*^ K**K 

[0 0 15] iTftfaftiKfltt, pSW K«, 
[0 0 16] **K<ORM-C-ttfflLTV^ r^/w*- 

[0 0 17] 

[0 0 18] illt^K^^*^ 

deft, (10 0) iDCOnSS i Clf 1 0 l_hlc, 

nlAl GaN^77 KJf 1 0 3n, nSGaNW 
Kll04n, I nO.05GaO.95Nfi^#FJ£'l£J§ 1 0 
5 (J5*l 0 0 A) , pSGaNW KJ§ 1 0 4p, 
pSA10.lGa0.9N^7«y KI103p, pSGaN 
^V** hSl 0 6#ffi&^jrt5HT^*. AlGaN 

[0 0 19] £<bK. p5^7 7 KJil 0 3 p*lwtt\ 
pll nO. 1G a0.9N^IfifQ«lRSl 0 0 # 5 0 AflgfilE 

«£ttfcv* 0 hSJ:^ttpS«Sl lit LT 

Pt^ s iCS«l 0 lM^ttnSitlttl l OfcLT 

[0 0 2 0] HlS-rwOU'— ^«iStt, i?£5 0 0j, 



5 

m£> (1 0 0) S i CS®±IC V MOCVDfelCj^fE 

fib, nS^7 7 KfcS i K-^-CO. 5*im* ng{# 
Klt>S i K-^-CO. 1 /imOJBW-CfcS. P S 
KS^^t/pS*^ KSt-eK^HO. 5/i 
m, 0. lMmWSJt**)»), K-/^MiMg^^ 

[00 2 1] *18&?ai»ffclti\ pS^7-y Kl^lcM 
Sfc/O**. Stt«7i>fe<nu-iFjteii, gtfell**) t>4 

[0 0 2 2] &»JW*»*fcjB£3*«fc»«>lfj» 

|(Ox^/^-^t Om e V/hJ < , 

fc6B»«^»6itS 0 pS^7s/ KJfl 0 3 p^PiC^I 
20 ttfaftiKfl loom, 

[0 0 2 3] rr-c«Htl«>»^#FJifc^r*lP««l 

[0 0 2 4] ^—9 s "Crt:, ^JffifoSUKJl 

(D K— tr^^U^trS x 1 017 (cm-3) t LT, * 

30 1 K-fcT^^tt, 5X1 

017 (cm-3) J^±*>Hlf, ^-r!ir^^^« 

[0 0 2 5] 3&«C**W*«Sr±tf\ 1X1018 (c 
m-3) gJL±iwf*ltf, ^^!iTCD#^^$«btcS<4 

«!R«(03Ft««5»aSrl X 1 018 (cm-3) J^±(--m 

40 [0 0 2 6] ^PjicS^Srv-^ zi^X-sU Yfrb^y 
7 4 TM Lit t # <0«i££l2 3 iZ^-to t7r^Ti« 
lOOOifflt^li, naGaN^-/77ll02 
^fjpSGaN^^nilO 6£-e&MOCVDj£ 
JCj:9dt***fcfei, P SGaN^^^Ml06 

Saffi*M«fc^(OnSG a N = V^^ Hi 0 9 

[0 0 2 7] ^Oft, pfGaN^^^ hill 0 6 K 
ItpSim^l 1 1> nSGaN^y^^ 1 0 9«Ctt 

so nmmmzmi&Lx is-vtfftf&i-Zo 
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1 A o o i a j (nmnrnm 2) mm<DBm 1 xtt. *ri&j 

«WCf4, pIW KI104 P *i£f^#FcooJ£&| 
?QS«Xl2 0 0^^LT^5o *co«$£/<>-K*-r j 

^^^^^^-^1^^114, 5 Ic^-fo _ l ' 

[00 2 9] H^J:9lc x w co¥*#u— lffi % rcoft 
3^/h4ir«#FwTO*ftWl 2 0 0 Sr. Jft^f-f K 
§104p * icE«Lfc«d«cLX^5. *^>f KS* 

[0030J mmn&m 1 , 2 gtss^-cos 

5S^St. I n0.05Ga0.95Nzi^^^^JliO# 

&»K *3feffl*Wl — Vfcft*, #F/fl- 
ft, (BtgJfKI*. *fcfSfflBMttI nxGal-xN (0^ 
x^l) , ^7->Kll^AUGal-xN (O^x^ 
1) fcffl^fc^ .-*fc«ft<r!> *AJMfc*»¥**fc 
LT, AlxGaylnzN (x + y + z = l, O^x^ 
K O^y^l, O^z^l) SrfflV^^rfc^-CtSo 
[0 0 3 1] (SlifecO^fig 3 ) #3lfe<O^Sgte, tt» K 

LfctOt*6. E«ICtt, $<ttlf?i (S iC) 

[0 0 3 2] @8i£^-f nSS i CS$7 0 2 

±fc, (MOVPE) fcfcffil^SHWi 

0*tti«ftSrtf5. *-f«*i**fcfta:t, 6HSiC 
M7 0 1 ^^rtott^-±i:Sll, 

7 0Torr^7|c*ffH»w*3l>ri 0 5 
15»f«U S*«B<n^«J-^v^«:lT5. ww 
T'iV>/cS iCSW (0 0 0 1) ffi^ffi*ffi^e>3. 

5S V [11-20] #fafc«£f Lfc««-e*>a, 

[0 0 3 3] ft<cS«ffi«S:l OOOtlcWLf:! 

rv*-r&2. 5L/»o«*-ei»«ti&u 

BSraftUfca, h ^ >fyi^7/w^»A (TMA) Sri 
0/i^/#, yv^~7&2. 5L/:9\ 
(**^-^5 0ppm)Srl Occ/», *-ryT*&£2L 
/^MMLtnlA 1N/<777S7 0 3J2 0 
Onm±iig-f-£ 9 ^•y77lS:nSiL^(Ofc, S«i£ 
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[0 0 3 41 h^W/W^^A (TMA) CO 

J'/i'PVV^ (TMG) S^Om^/JK ^V7> 
(7fc|g^--*5 0ppm)£l 0cc/:9\ iitoLTiW&U n 

-A10. IGaO. 9N^ 9 5> KJ§ 7 0 4 £if ^-f&o 
[0 0 3 5] TMAC0ftj&C0^&#JbU n-GaN#-< 

Kl70 5n Sr*S& LfcS, TMG&U^y V? V^M 

(D*&#JkU Tv^~T fcTK^fi^BSt^-C 7 0 

*A (TMI) £2 0 0 •m*2 0u*A>/& 

7^ K~^In0.05Ga0.95N#FJl7 0 5 w£ 
3nm*6frr* 0 n— G a KB t (1 D&#T\ 7V 

K-^G a NRil 7 0 5 b Sr 3 nm** L, 
»KJifctf>tfc9igUwJ:?U GaN*MfcInG«N 

[00 3 61 *M-7-#F«5S^)*a^#FJlS:^b 
fcfefe, TMG^2 0m^/^/^^^<-> / ^c^> / ^> ? ^ 
V t> ^ (Cp2Mg) £ 0 . 1 v L 
20 Tp-GaN^-T KM 7 0 5 p £±191" 

[0 0 3 7] ft«C, w ^(wTMA*t5fSn-A10.1Ga0.9N^7 
y KJi t (HlJSftT'iiiD U p-AlGaN^lcO^ 7 y K® 7 0 

6 a *it@Lv 6 0 Ot^TlfSmMG, TMI 
XT/Cp2MgSrfit»U-Cp-InO. ICaO. 9N^IfSfD®lR® 7 0 0 

p — A I 0. 1G a0.9N^2tf>^7 y KS 7 0 6 b SrJEifcg 

[0 0 3 8] ^cot$, p-AlGaN^7'yKiiC, 

9o p-AlGaN!2(7)^7yKl7 0 6 bll p- 
I nG aNoHafDftlR/17 0 0 
K^-r^ yf >?X%2<r>$yy KJi 7 0 6 bSr-f^"C 
x^^v^^i-50-e«*<, cor 0 0. 2;^ny 

^yryfmmih&QttiLX* 1 0 0«*Cfl«)fc»9 
X, p-A l GaN*2<7>^7y KSSr, *i*ttK9>f 

[0 0 3 9] Z<DSimti^M7 0 Oiixyfy^ h 

7 5/Ki7 0 6 b t oTfafDKiR® 7 0 0 t <»m$ittk k 

[0040] rcom> S i 02-7*?£-tco££ffl^ 
n-A10.20a0.8N««£^oy^S7 0 7 Sr> IB 2 CO 
so ^7^Kl70 6 b^?,Wyy itoMWJKSftJ**-*" 
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5, n-A 1 0.2G a0.8NmiS^n -y^ll*. p-Al 
0. 1G aO. 9N%S2<D? v y % 1 W 7 y KS <fc 0 

A 1 B!ff*tt/h4V\ Lfctfo' 

X, £oX, Alt, Stff^COS5V^p-A 1 GaNS2^ 

77K17 0 6 bcoTlcF^Cr^^^f <, ayfwtft 

[0 0 4 1] S i 02-v*^§:|&3rU pSGaN^>f 
8$rj*ftU pSGaN^V^^ h®7 0 9Sr±S 

x 1 018cm-3-e*>So 

[0042] rrttt, pS3y^^hi709^pS 

GaNi Lfctf* G a N<t + ;/ V* I 

nGaN^ffl^t, p t $ y 9 

O'CiCLX, TMG, TMI&tfCp2Mg£§fe& LX, p-InGaN£ 
±ta*t5o P -GaN^f^-y^7 0 8(7)±i^lC, K 
**y:/tt/h*^p-InGaN7 0 9 £±1^6 w t l£<fc 
"9, pSl;ffi (Pt) b<D->3 y h*-W«*rfi«S* 

[ 0 0 4 3 ] p-InGaNtt* p - I nGaNSrifat, 5 
00t(O70To r r^**»H«*-ejlWaaSrff5 

tesastt, »*L<«t5oot:(o«a^±v\ 
r 1 7K^co^#H5C*e 5 0 o'Cix&iPU 

[0 0 4 4] nSS iC5^7 0 2«iJiClTiS:ffi 

V>XnSSffi7 0 1 Sr, pl^v^^ H7 0 9fii«c, 
P ttSSrffl^tpSigl 4 1 2JrM«o Pt£ 
JM/*Mtt v P t tttt*H»**# < , plGaN^ 
p-InGaN(7)pS3^^M70 9 t (7)1$ Efc/Jx 
5 < f *fc»"C*>5o P t N i iP t COffl^ 

b*-CbJ:v\ N i ft*ttaffv**A 

[0 0 4 5] «±0<t?lCLT^J5!cLfcU-iF«ig<0^ 

C4otv^ t ^l^v^t««:>!)l:tt, S i Cg^tt, 
200-300 ;^d VSjSIC Lt*3< U\ 
3 0 0 5 ^o^J:9*§v^t^|f^v^fc»ic*#4jES 

s a>v *i-zmmj>ft<» t r 6 1 wnr us 5 *rtett#* 



/<? 

[0 0 4 6 ] — §^v^^>^§r^v^co*rftjtt, s i eg 

[0 0 4 7] B9l£*5V*T* #SMIBOjttMift*« 
AWfcfcCiDLfcH-efcSo A-BttS««ffiX'*>0, 

It, (000 1) KOl*W3. 5ff> [11-2 
0] ^(C{tI^4LTV>Swt^t?^a 0 HI Oft, rco 

*«#ffi*tfc# (0 0 0 
10 1) i(OE*fi:^e,3. 5«, [11-20] 

£fLXV>6 0 -t"ftfr*>, w^SStt, 09, H10lc?S 
(0 0 0 1) B«)B*tt^6[l l-20]*fi 
-3. 5g{tI^X^5<7>X\ B*r&l^fcA^rpJ«CjES*S: 
riMJX*lhiS:^£riM^5. *r<OS&tt> Afoh&fii: 

5 i , |fl 9 to J: 5 M B ^fpi Mf6]/fi 0 X v 
*rt>tb (0 0 0 1) B*fp»c5tA/XL4l\ ^#t)>VMC 

oX, — §^V^ttB(0*[6l^?jA^<wrftJ?)»oXff 5^ 
Xfc6 0 wfttt\ S i CS«tCPS^-f , GaAsW 

20 g?*s^*cov^x(7)ftB^atR^v>t5w tx*>5o v^-r 

xhE C:m (0 0 0 1) ffi) fcffl#S«ffifcrc 
****** <443rit!l CC-CUB) ffl#fL"0* 
5*ft«Cfi^oXJCy3Sr*MtX^Mt"*^>"C*>* 0 

[0 0 4 8] ^*a**LT*ffifc»*Lfc«, 
B£^-7^v^-f3 0 ttEfl*>&, A,/4<DJBW0>S 

i 02^t ^/4CO^/¥OS i NfllSr.l mmt LXs 3 
i^^ailL, KJt**7 0/<- J feVht Lfc, SiOK 

30 [0 0 4 9] ^ricLfcU~^»^(caffiaAS:m^- 
S«i««3 0V8*t*o fcftf^mEE^ 5 V 

[0 0 5 0] *mSa>®Si(7><t9(^ nSS i CS«7 
«7.0 3tffl^5riiaot, «3KW5<CpS3V 

[0 0 5 1] S«tltS i CM^SffiSrfflv>fca*lc 
40 OV>Xlft0^-r^ o *X*W#fc-Ctt % nliS i CSS 
Sr. (0 00 1) [11-20] ^^{C3. SJSffl 

«LfcW*LfcS«ft«^T^5o wlxtt, SiC± 
iC, #iCAlGaN»ft«:il«+4»^(^ ^O^BcD^Jfi 
ttSrft»*Ci-Sfc»-C*>5, 121 1(1, «|6iCAlGa 
N<7>A 1 (Oifel^Jc. SttlCA 1 G a N<o*ffi97*^Srfc 
ofcJ**-C*>5 0 ^JUtt, (0 0 0 1) v^*hgtR& 
ffl^fcil^XfcO, **»f4, 3. 5*Offl«S*Srfflv^ 

50 ffl*4S«Srffiv>S kMmi&&3 0 



» M 9-191160 



11 

[0 0 5 2] o^lc, fl(ttft&*Wft£* itffi^y** 
&«ttl£fcofcJl£SS:Ell SS^^^^fL 

[0 0 5 3] plAl GaNJBfcfBR+S* 

3\ (0 0 0 1) ^*h£*«rffii*SfcAlllj*^ 
iDlCt fcfcV^pffiK— h-Cfc5Mgtt» 9 

*5. MEtttt* K-^ht'«>5MgOAlGaN^ 
B^iiiiMPSr^U ftftktt* Al GaNCOAl0J*Sr 

l/\ ^t^M«-eil, MgOftDiiift*aM£T*-6 
l*fc#&lORe>i\ Zn, C v Ca'trfflV^tB«t* 

[0 0 5 4] rixic<tOpSK-^vh(oSaSr^:§< 

[0 0 5 5] tXtSs ***«-Cl4, fl^£*4rJJIV*-a* 
t>*?-5A, (0 0 0 1) hS«SrfflV>Xt>, 

[0 0 5 6] £0>**0>JB«-CM\ ^ffi?0®lfcJliL 
ts pll nGaNi^l/>tV^^ nSl nGaN 

[0 0 5 7] pS^ffifoftteSictb^T, nSnrffifuft 
ifcStt, 5Ftt«»aSrix l O2oaa*-c*< i es«o 

nS^fa?D®I&Jf 1 X 1 0 18 c m-3Sga±(0^jfJ6 
^^-^t'^Ilt 0-1 8 OmeV-CfcjxIf <fcV\ 

*- * y -ft^ $ itn tf <t i \ 

[0 0 5 8] nmntctfXDTfmmti/V 

[0 0 5 9] S6«c:^w*16w»«-ctt % mi<Dp®* 



A? 

tf v ZnO<0<t5*C3 8 0 — 4 5 0 nm<O3tSrKlR"^4 

[0 0 6 0] (**WJB1II4) »4 0>»fc0>jet8fc<fcS 

fatt&Kfi&Bl 5 (a) tc^-r 0 
[0061] ro o o i j A>t> [11-20] ^fttc 

3. SJSffl^L/cnSS iCl«l 5 0 2±IC, nlA 
io I N/<^77l 1 5 0 3 1 0 0 nm) v nlA 1 

xGa 1-xN^7'7K11 504 (SJUm) #*> 
£ 0 A 1 NtOfiritttx 3^*1 < 45tA I G a NOx* 

[0 0 6 2] 3£gfcg£ftfc*£ffiffif 1 50 5 (J5£ 
5 0nm) CO I n z Gai- z NWi nNwI^z^S:* 

£4 1 Onm i z=0. 1 5 fcfcD, x 

ttO. 1^5)0. 2gS^fflV>^r 
[00 6 3] gttg 1 0 5 (P±Mtt pgAlyGal- 
20 y N$1^7yK11 5 0 6 (ff£0. 2um);i 
gjj nO 2G^aO «N pTtftft flEllgJg 1 5QQMt^A 
1 uGa l^uNt^P^ll 5 0 7iSfej , 1 5 
0 7 tCti: IHIO/i mOB-CsnSlaftlRJi 1 5 0 0 \Z 
m?tZ>WiQM&]&&£tlX^Z> 0 nSm^n-y^Jf 1 
5 0 7tD/¥$ttO. 7/im-e*>5o aSfittwCOnSSifSc 
/py^il 5 0 7 \£t&$.iiXWlQM<r>Wzffiti, §8P 
SflttT^gSJl 1 5 0 5<0^lCflctl6<fc 3fcL"Cl*S. 

[0 0 6 4] Ha«rtfcnfflm«^»y**±fcttpSl 

AlvGa l-vNl2^7yKI (^S±COj?:$ 
so 0. 5/im) ^£>5 0 ::t% u>y, vl£&£<fc:HC 

t5wtia*)/oy^H 5 0 7<nmVi&tf. Wl<» 
^7^K1106, %2 9 y y KJI 1 0 8 (DSW^i: 0 

[0 0 6 5] JB*T*Sitt* HlPlfB<0«t>%JiLTft5S"t- 

JfflJr*JS (gttJB^3»«iJB*T*JS) tt\ 0. 00 3- 
40 o. 0 2CD«BHK*>5r fcjMf*Ll\, *<oaStt, JB 

[0 0 6 6] »WpI??yKil 5 0 8cO±^ti> 
P SGaN^rt^il 5 0 9 (if£0. 5 n m) , 1 
X 1 0 18/ c mZ&>±.<D*tm»Bt<0 pSGaN^^ 
^M1510 m * 0 . 5 ix ra) #*> 9 > IffilOl 

1 1 1 idsn«t p«(c*4r»j45ixTv^. mmttn 

llnflWiTiiAut, p«*NifcAut*Jo 
so nSUBO^ttttttS i, pSl^^»liMgtfc6o 



#M¥9-191160 



(8) 



13 

[0 0 6 7] BSD«<D*5fc pS^7 7 YmbW$M<r>& 

ttBSPW<0*Ifi2 ^rat«$10A 1 NttJ5)tJtttu = 
0. 25tUc 0 $fc> y t v<D{m*x 1 13 ISO. 15 

[0 0 6 8] Z<n£?^i~6-tX\ p^7yK115 

0 6, 1 5 0 8 (A 1 0. 15G a 0. 85N) i,Voy?I 

1 5 0 7 (A10.25GaO.75N) fcj: «9 , SttJSiCSpfT 

[0 0 6 9] #3I1S«-Crt\ (0 0 0 1) a>6 [11- 
20]^rpJiC3. 5««ft£**JBlr*-C^S 0 rtttt. 



lB(05pattS:6»«c-t-*fc»-C*>*b (0 0 0 1) >>ir 
^ B B a ^®co^m^J;< 45^5? "Cfc*. 4*lc 

[0 0 7 0] fc*5, **JSW"Ctt, *»S**rfflv^-cv^ 
\hhh (0 0 0 1) hS«£/8^Tt>J: 

[0071] *»W^SJ^*tt«-ett:/p vtmiso 

1 1 V y stoJMMwgttJl t <offiifT*Stt* 0 . 0 0 3 
-0. 0 2<DttBl£*5wi##*LV\ ZnOK^t 

[0 0 7 2] £*bic, «Sttloi^-lf**r«JR«J:i 
Jf (efflux, Stt»fcWr*ft^*aifticJffl*f*JSSro 

lt-6w^tT*§6o gUli-InaGal-aN 
(0<a<l) *JHV\fcfc*fc* ^liH^K* 
-y;/<7)/h£v>/!-e£>6, I nbGai-bN (0<a<b 

[0 0 7 3] SfcSttJltt, InGaNlrfflV*«*l: 
oi^TKWLTV**^ 015 (b) <7)J;?(£, nS^ 
7yK11 504tp \<D$ 7 y YM 1 5 0 6 £ <7) 



Mtt, SttJi 1 5 0 5 £ L"C, nIG a N##W KJ1 1 
5 0 5 n, InGaNSFllSOSn, GaN^il 
1 50 5 btpSGaNll 5 0 5 p fc J: 9 «J5K$J»X 

[00 74] (^SScO^fig 5 ) #fli&«&tBj£fi (M0VP 

e) fe^fflv>r^ a B B ^5^9o £-f5tt@$ 

-±KK«U KStlf*L*:a7 0TorrW*«*H»*C 
*3^T1 0 50ttl 5»H*DSRLS««B^ »J-~> 

[0 0 7 5] &ic6 o oti-cftSPLfcft, T>^e~T 
&2. 5L/#<0«*-Cl#SW&U gSSB&SfcL 
fc«, h y J ^A-X V VJ± (TMG) £2 0 /i 
T>^~T£:2. 5L/#, !i TtK^ 2 L/^SE L 
T^ B B B«fii(OGaN/-<y7ril^5 Onmita-T^o 

0t*tMl/di TMG£ 2 0 ju */U/#ft*SLTGaN 

[0 0 7 7] Ric™Gtrtt»L4^6S«lUEt:l 0 5 
20 0t, 1 0 9 0t:iCg^lC#^L-CGaNm^ B B a ii^ 
£jc1-£ 0 S (7K*-<-^5 Oppm) 

&10cc/5h h!i^f/ur/U;-r>A (TMA) $r 2 /x 
*/#iiJOLtfltt&U n-AlGaN^ 7 y KJl«:*8rr 

[0 0 7 8] TMG, TMA&O^e/ >-^^$&^^ 

SrffjhU TV^^TtTjc^^^HM^T^OOr 

(TMI) «r 2 0 0 m ^e/l'/Sh TMG $r 2 0 ju *A/ftW& 
L*C> InGaN^ B B B COgHji 1 6 0 5^1 Onmitai-^o 
30 [0 0 7 9] TMA, TMG^hu12 t [H]Jftl:T% $ <b(C 

^n^^^rn-zl^^v'^A (Cp2Mg) $r 0 . 1 
ix ^/#0fc*&LTp-AlGaN*l<D p 7 -7 KI 1 6 0 

■C, TMGXtJ5Cp2«gCOet»&Srfl?JhL, SKfflSSr6 

OOnCTlfS^TMG, TMI&tfCp2Mg^^f& 1 .Tn-TnGaN 

1 6 0 0 SritS-r^o InMlt flfffiiJ: 0 «>'** < 

[0 0 8 0] $P>l-w<O^Iffif0PRlRl<O±*C, SlOp 
40 f^7^ KJlfcBCftfr-e, P-A 1 G aN*7$> KJ1 

1 6 0 6 b Starrs, xiKo^tB 3 -eas^< 

fcj:9(-, Si02v^^MLtp-AlGaN^ 

[00 8 1 ] rtDJz^lcL-Cy txv^SrJgjScL, m^^c 
^11 6 0 7Tii«)iiA/^:*>t, SiO^^^^r^ 
* L"C, p-GaN^r -r y~?M 1 6 0 8, pSGaN=>^^ 

hill 6 o 9Z*£m-rz>o ziiizx*)^ t7r-rrss 

50 -C^^o 



*#M¥ 9-191160 



(9) 



15 

[0 0 8 2] mi&(D&m6) -tf-yr^Tg^Srffl^ 

[0 0 8 3] £«1 70 2 t LTAI203 (fyr-f 
T) SrfflV\ '<yy-rm \ 7 0 3{£fiGaNJI 1 
OOnra) &ffiV>TV^ e fgco^lt, 0 1 5 fC 

[0 0 8 4] nf^5yKil 70 4S:2(imtf< 
U y y^iV^SrnI^7 y Ki 1 7 0 4dWJ 
1 zxm(£&5£t^^V^LTBffl£-fc\ nSlgl 
7 0 1 SrfiML-O^o SttJI 1 7 0 5 tc^f;frf*j<7)jg 

*W«)JHff*JStt, 0. 0 0 3-0. 02c7)|5ffl{cfc5 
[008 5 ] 

[nsoffim^isw] 

[01] *lw**«<04M»*u-^o«iftBrBH 
[13 2] X 1 ottflo/^ K*t y ^i*yP*-H 
. [13 3 J »K7)HIS^jT*S«S:f-^T^ricLfc4i^£0 

[04] »2<O*Jg^J(O^*U-1f(OSig»fB0 
[H5] »2cr>HJS«co/<>' K*ty^x^*-H 
[06] ffioSllSW^^flcu-^^fllifigfrffiH 



75 

[0 7] *»M^*16o»llB^>**»u---!fo«Jfi*fB 
0 

[08] **W<D**o»tt<04M»*u-^«JSia 



[0 9] ^SH*i*j*KMi"*»fiiH 
[010] -#SI*rt)*rKM-r5»rBH 
[011] «fl^*S**JBV*fc^0>A 1 G a NSS 
9 7* * b A 1 mi$L b <nffl& Sra^B 

[012] &nm%mmv>m®%mbA\ gbnse? 

[013] j»{fcS*S*Sr«V^fc»fr(OA 1 G a 

m g o b a i *aj5)c i (DrmzB-tm 

[014] *»Mo*16<oj|!?ffio*#*u-^«JS»f 
®i0 



[016] *&w<nmifc<»&m<»*m#i<'-*? : <Dmm® 

l 7] *%K<o3IJgcojgffi(0^ftu-if(OlSiSef 



1 0 0 nJffift»lR]i 

1 0 1 nltS i Clf 

1 0 2 nSG a N^y7ri 

1 0 3 n nlA 1 GaN^7'7 KJi 

1 0 3 p p lGaN^7«yKl 

1 0 4 n niG a NJt^-f KJI 

1 0 4 p plG a NfttfW KJI 
10 5 I n G a NfifttJi 
106 GaN^^^M 

2 0 0 BTfildftiRJI 



[01] 



[02] 



1Q0 oTlSSliRJtXfli 
/111 pS!«« 



xxx\xxxxxxxv\v\^\W^ p-AIGoN^K* 

^^^^^^^^104P p-GoN**^* 



^^106 p-QoU^SOhM 




^104n n-GaN**-fK» 
slO^n n-AlGaN75<yKJI 
102 n-AlNvfrO?* 
ibl n-SiClS<g 
110 nlli 



nm 



pa 





i 










i 
I 








103n J 


U 1 






104n 


Y 104p 







105 7&&m 



ioo »r^fQ<»j|K* 



*# BB sp 9-191160 



(10) 



10 



J04p 



[0 3] 





.111 
106 
103p 



[04] 
200 RTfiffRJR* 



z 



////-. - 




-102 



109 nEGaN3>*^Jl 



1000 VZ)7>(j>miEi 




103p p3>7v*K*| 

105 mitm 

103n ntSLO^v^M 




[06] 



103n 104n 105M 104p 103P 



200 BTftWiRiRW 




17] 



(a) 



700 wrewiRifca 710 p««* 

706b ff2Qp9?7yKJl7 709 pM3>5^M* 
.704 nffl^vF* 




[09] 

<oooi> 




<1120> 

702 nfflSicaHS 
^701 n««ff 



705 / nHAlMK^» 

706a *HDpS?9*Sfll 



it 



(b) 



(0001)® 



704 



705 



706a 706b 



70Sn 705w706b 705p 



i 



700 



<1120> 



1#M¥ 9-191160 



(11) 



[081 



(a) 



(b) 



(c) 



(d) 




706o 



709- 
708- 
700' 



^ZZZZZZ 




II 1] 



* 
e 



(0001) 

^ 



lO 20 
AlUrt (#) 

[01 2] 



30 




10 15 20 

(ft) 



[HI 0] 



4 /0001> 



<1120> 




9-191160 



(12) 



[0131 



2 

© 

z 
o 

< 



(0001) >>^h«« 



10 20 



50 



[ill 4] 



1413 Ptt«« 



(a) 



1409 ^©PSL^ypJ* 

^412 pfflu>*?hJl 
,1410 P2«^r«y^» 



£.1407 mi<0pffll^-yK» 
•1406 Stt* 
1405 a*c-t>« 



>1402 n-AlN/f-y^T'/l 



401 nfisicasfc 

1414 r\WnU 



mi 51 



(a) 



1508 «20PSl^vh'Jl 
1509 p+^tTJi 




1510 p3>5^7KJi 
2s ^_/1511 P**S 

1507 nffl«J*:Tl>,? 



1505 JStt* 
1504 nffl^->K« 
1502 nfiSiCStt 



501 nftCft 

150S *1©pfi^K» 1503 nMAlN/W77Ji 



(b) 



y 1403 1407 

.Z . , N 



71 

/ 1405 
1404 




/ 

1406 



II 6J 



1504 



(b) 



1505 



1506 1508 



I605w i 
nsosgj Ay 1505gj 

• t i i ; 



i i 



1500 




1606b m2<»PJB(^^'vKfl| 

1605 n _ M 

1600 \ / yeiop^M 

fr>%>v*>y>>£ ^1609 pffia>5i7h» 
^\X\— 1608 pS^i 

^ ' >>V3 — 1607 mnm^ovvm 

-1606a l&1<Dpffl 




1602 tt^y-r^ans 



M603 
1604 n3l?5vh*« 



4# M 9-19 1 160 



(13) 



II 7] 




1708 flT2<Dp?7<yK/| 

1707 nmwn-To^m 
1711 pmnn 

1710 pD>5>?hil 
1709 P±+v?m 
1700 qTte»IRJfc« 

1705 m&m 

1701 
N704 



1702 mm 
1706 ^ia>pa/^5^Kfl| 



1703 JtvJym 



*K»PWWf**nxioo6#ii firms - *Rfcn****nxioo6#is firms 



